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Fig. 3. An oligonucleotide-based building block. Example of coding 
region design, allowing for high building block diversity. 
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Fig. 4. Building blocks. 
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Fig. 5. Exemplary monomer Building Blocks. 
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Fig. 6. Preparation of Building Blocks. General examples 
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Fig. 7. Design and synthesis of specific building blocks 



A. 

3'- 



o /==• 



HO 




BB 



1-5— NH 2 



DMT-MM or 
EDC/NHS 



-5— NH 




-BB 



B. 



3'- 



3'-! 



O. R 2 




O /= 



O 



-5— NH 



O 





^ // 



0-P— / 
OMe 



O O 




-5'-nh ^-y 




1-5'— NH 




SUBSTITUTE SHEET (RULE 26) 



WO 2004/013070 



10/52300 



PCT/DK2003/0005J6 



8/60 



Fig. 8. Templated synthesis of a polymer. 
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Fig. 8, example 1. Light-induced reaction between symmetric building 
blocks: Coumarin derivatives. 
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Fig. 9. Templated synthesis of a polymer by simultaneous reaction and 
cleavag e. 
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Fig. 10. Templated synthesis of a mixed polymer by simultaneous 
reaction and c l eavage . 
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Fig. 10, example 1. Simultaneous reaction and cleavage: Formation of 
(A) an alpha-peptide, and (C) a polyamine. 
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Fig. 10, example 2. Simultaneous reaction and cleavage: Formation of 
(A) a peptoid or an alpha- or beta-peptide, and (B) a hydrazino peptide. 
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Fig. 11. Templated synthesis of a polymer, using non-simultaneous 
reaction and cleavage* 
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Fig. 12. Activation of Reactive group and release from anti-codon by ring 
opening. 
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Fig. 13. Symmetric fill-in reaction (symmetric XX building 
blocks). 
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Fig. 13, example 2. Amide formation. 
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Fig 13, ex 3.1 Urea formation 
Synthesis of the functional entity 13.3.1 A: 



1) 
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// 





, NaH, DMF 



3) LiOH 




COOH 



5-Fluoro indole (leq) is dissolved in ethanol and treated with pent-4-enoic acid [2-(4-oxo- 
piperidin-l-yl)-ethyl] -amide (1.2 eq) and 2N KOH. The mixture is stirred o/n at reflux. The 
crude is evaporated and purified by silica gel filtration. The purified materiel is treated with 
methyl 3-bromobutanoate (1 .2 eq) and NaH (1 .5 eq) in DMF at rt. After 5 hours LiOH (10 eq) 
and water is added and the reaction mixture is stirred at rt o/n. The final product is purified by 
LC-MS and loaded on a DNA oligo containing an amino function. 

Synthesis of the functional entity 1 3 .3 . 1 B : 
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O Me O 




COOtBu 



OH 
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2) HCI in ether 



O Me O 
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COOH 



3-Pent-4-enoylamino-butyric acid (1 eq) is treated with 3 -hydroxy methyl-benzoic acid tert- 
butyl ester (1 .2 eq), DIC (1 .2 eq) and DMAP (0.2 eq) in DCM. The reaction mixture is stirred 
o/n at rt. The crude is evaporated and purified by silica gel filtration. The purified material is 
dissolved in diethyl ether and treated with HCI in diethyl ether. After stirring for 3 hours the 
mixture is evaporated and the crude material loaded on a DNA oligo containing an amino 
function. 

Fill in experiment using functional entity 13. 3.1 A and 13.3. IB: 
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The two loaded oligos are mixed with a template oligo in in hepes buffer (pH = 7.5) and 100 
mM NaCl. 1,1 '-Carbonylbisbenzotriazole (0.1M in MeOH) is added and the mixture is left at 
rt for 4 hours. pH is then adjusted to 9 and the mixture is left at rt o/n. 
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Fig. 13, ex 4. Chiral and non-chiral templated molecule 



A. 



I 



I 



cleave linker 



! 



cleave linker 



, u H h H H 

Tt/YVY" 



SUBSTITUTE SHEET (RULE 26) 



10/523006 

WO 2004/013070 PCT/DK2003/000516 

21/60 



Fig. 13, ex 5. Symmetric fill-in: Formation of a 
phophocliester bond. 
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Fig. 13, ex 6. Fill-in: Phophodiester formation with one reactive 
group in each building block 
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Fig. 13, ex 7. Pericyclic reaction. 
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Figure 13, ex 7.1 Pericyclic reaction 
Synthesis of the functional entity 13.7.1 A: 
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2) LiOH 

3 -Methyl amino-propionic acid methyl ester (leq) is dissolved in DCM and triethylamine (2 
eq). The mixture is cooled to 0° and treated with acryloyl chloride (1 .5 eq). After 2 hours the 
reaction mixture is evaporated, redissolved in THF and treated with LiOH (10 eq) and water. 
The mixture is left at rt for 3 hours. The crude is extracted with EtOAc (2x). The combined 
organic phases are dried over MgS04 and evaporated. The product is purified by LC-MS and 
loaded on a DNA oligo containing an amino function. 



Synthesis of the functional entity 13.7. IB: 
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Amino-furan-2-yl-acetic acid (leq) is treated with acetic anhydride (3 eq) at rt for 1 hour. The 
crude is evaporated and the product purified by LC-MS and then treated with 3- 
hydroxymethyl-benzoic acid tert-biityl ester (1.2 eq) 5 DIC (1.2 eq) and DMAP (0.2 eq) in 
DCM. The reaction mixture is stirred o/n at rt. The crude is evaporated and purified by silica 
gel filtration. The purified material is dissolved in diethyl ether and treated with HC1 in diethyl 
ether. After stirring for 3 hours the mixture is evaporated and the crude material loaded on a 
DNA oligo containing an amino function. 

Pericyclic reaction experiment using functional entity 13.7. 1A and 13. 7. IB: 
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The two loaded oligos are mixed with a template oligo in in hepes buffer (pH = 7.5) and 100 
mM. The mixture is left at rt for 4 hours. pH is then adjusted to 9 and the mixture is left at rt 
o/n. 
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Fig. 13. "Fill-in" reaction (asymmetric XS monomers). 
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Fig. 14, example 1. 
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Fig. 15. Templated synthesis of a non-linear molecule. 
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Fig. 16. Templated synthesis of a non-linear molecule, employing 
reactive groups of different classes, and non-simultaneous reaction and 
cleavage. 
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Fig- 17. Migrating scaffold. Templated synthesis of a non-linear 
molecule, by exploiting the increased proximity effect that arises from a 
"migrating" scaffold. 
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Fig. 19. Templated synthesis in whiche the reaction step is performed under 
conditions where specific annealing of building block to template is inefficient. 
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Fig- 20. Reaction types allowing simultaneous reaction and activation. 
Nucleophilic substitution using activation of electrophiles 
A. Acylating monomer building blocks - principle 
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E. Acylation 



Pyrimidine formation by reaction of thioureas with P-Ketoesters 
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I. Acylation 



Diketopiperazine formation by reaction of Amino Acid Esters 
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M. Heteroatom electrophiles 

Disulfide formation by reaction of Pyridyl disulfide with 
Mercaptanes 




N. Acylation 

Benzodiazepinone formationby reaction of Amino Acid Esters 
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Transition metal catalysed reactions 
P. Arylation 

Biary I formation by the reaction of Boronates with Aryls or 
Heteroaryls 
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Biaryl formation by the reaction of Boronates with Aryls or Heteroaryls 



%9 ' (HOfcB. 



R. Arylation 

Vinylarene formation by the reaction of alkenes with Aryls or Heteroaryls 



r-0 



/ B^OH R 

S^d Ar'v 



I 

R 



X= Halogen, OMs, OTf, OTos, etc 
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S. Alkylation 

Alkylation of arenes/hetarens by the reaction with Alkyl boronates 



X>-OH. R 



X = Halogen, OMs, OTf t OTos, etc 



T. Alkylation 

Alkylation of arenas/hetarenes by reaction with enolethers 



,OH 



Ry 0 



X = Halogen. OMs, OTf, OTos, etc 



Nucleophilic substitution using activation of nucleophiles 
U. Condensations 

Alkylation of aldehydes with enolethers or enamines 



O 



2 = NR, O; X = Halogen, OMs. OTf. OTos. etc 
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V. Alleviation 

R' 



Alkylation of aliphatic halides or tosylates with enolethers or diamines 

R""^R' 



X = Halogen, OMs, OTf, OTos, etc 

Cycloadditions 

W. [2+4] Cycloadditions 



R 4 




R3 y "R 5 
.2 



Z = O, NR 



K 2 

f X^R 5 
R< 



Rs^O 



o 



R 3 



R 2 R1 




R/ >R 5 



Re 



X. [2+4] Cycloadditions 



R 2 R1 




Rii R5 



R 6 "°3S. 



Y, CN, CCOR, COR, N0 2 , 30 2 R, S(=0)R, S0 2 NR 2 , F 



Y. [3+2] Cycloadditions 



X 



1 

R 2 -^0 



' 11 
O 



y 

N— / 
N^R 2 

x 

' R1 •O3S-. 



Y, CN, COOR, COR. NO,, S0 2 R, S(=0)R, S0 2 NR 2 . F 
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Z. [3+2] Cycloadditions 

o 



Y, CN, COOR, COR, N0 2 . S0 2 R. S(=0)R. S0 2 NR 2 . F 
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Fig- 21. Pairs of reactive groups X,Y and the resulting bond XY- 
Nucleophilic substitution reaction 
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ETHERS 
THIOETHERS 
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P-HYDROXY 
ETHERS 



P-HYDROXY 
THIOETHERS 



P-HYDROXY 
AMINES 



P-AMINO 
ETHERS 



AMIDES 



AMIDES 



5 

R-^ + R" — NH 2 



R-f + R" — NH 2 
S-R' 



R-X + R" — NH 2 
O-R' 



R" — X * 



R-^R- 
H 

R" S0 2 CI + R- N - R - 



R' — X ♦ R — 0 - 

Z 

L 2 



HN-R" 
HN-R" 



HN-R" 
R-^R* 



THIOAMIDES 



AMIDES 



THIOAMIDES 



OXIMES 



R"S0 2 -N SULFONAMIDES 
R 



2' 

R-f R . 
2 



Dl- AND TRI- 

FUNCTJONAL 

COMPOUNDS 



O DI- AND TRI- 
FU NOTIONAL 
R« COMPOUNDS 



Z*,Z = COOR . CHO , COR. CONR" 2 , COO". 

N0 2 . SOR. S0 2 R , S0 2 NR" 2 , CN , ect. 



Aromatic nucleophilic substitution 



SUBSTITUTED AROMATIC COMPOUNDS 



xJ + R - Nu — - R -L7 

2' 



Z' 



Nu - Oxygen- , Nilrogen- , Sulfur- and Carbon Nucleophiles 
X = F, CI, Br, I. OS0 2 CH 3 . OSO-CF^ OS0 2 TOL. . . etc. 
Z' ,Z = COOR , CHO , COR , CONR" 2 , COO" , CN . 
N0 2 . SOR , S0 2 R . S0 2 NR" 2 , , ect . 



Transition metal catalysed reactions 



^PdX 



r "0" m+ Ar ~ x pd(pph - )4 r ^O" 




VINYL SUBSTITUTED 
AROMATIC COMPOUNDS 



ALKYN SUBSTITUTED 
AROMATIC COMPOUNDS 



BIARYL 
COMPOUNDS 



Addition to carbon-carbon multiplebonds 



R" — X 



R'" 



R"0 



R"S 



R"HN 



R"N 



~C '~-C 

H • H . H H H 

ETHERS THIO- lert- sec- HYDRA- HYDROXYLAMINE 

ETHERS AMINES AMINES ZINES ETHERS 



HNR" OR" 
HN HN 

R \ — R 
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R" R 


-2" 


MULTI 

FUNCTIONAL 
COMPOUNDS 


> 


z Dl- AND TRI - 

+ ^==— 2" FUNCTIONAL 

2' ALKENES 


2 = 


H, Alkyl. 2*. Ar 






2 = 


H, Alkyl. Ar, 


r = 


COOR, CHO, COR, CONR" 2 


CN, 




2" = 


2*. Alkyt, Ar, 


Z' = 


N0 2 . SOR, S0 2 R. S0 2 NR M 2 , 
Z " R = R\ = R", = 2 


. eel. 




2' = 


COOR. CHO, COR, CONR" 2 , CN, N0 2 , SOR, 
S0 2 R, S0 2 NR" 2 . eel. 



Cyclonddition to multiple bounds 



c 




SUBSTITUTED 
CYCLOALKENES 



SUBSTITUTED 
CYCLODIENES 



R' 2 



SUBSTITUTED 
2.3-TRIA20LES 




SUBSTITUTED 
CYCLOALKENES 



SUBSTITUTED 
CYCLOALKENES 



2 = COOR , CHO , COR , COOH COAr CN , N0 2 . 

Ar, CH 2 OH, CHjNHz, CH 2 CN, SOR, S0 2 R etc. 
R « H, Alkyl, Ar, 2 x = O. NR, CR 2 . S, 



Addition to carbon-hetero multiple bonds 



OH O 



K ||j R' R" 0-Hvdroxv Aldehvrf. 

I? ?, R O 



„A D — 



R .' 'jpii p-Hydroxy Aldehydes 
R O 

^ Vinyl Ketones 

K Vinyl Aldehydes 

R 



Of* O 



Substituted Alkenes 



R"> 



) — R + CH 2 0 + * N NH - , N "V_ 7 Substituted 

• R'" / " R" / ^ Amines 



R-NH 2 + II NaBH 3 CN Substituted 

R'"^R * R ' NH Amines 

R 



Am 



o o 



R 

o . 



p.. Substituted 
Alkenes 



Substituted 
Alkenes 



R ^OH 

2, 2' = COOR, CHO. COR, CONR" 2 , CN. N0 2 .SOR. 
SO z R, S0 2 NR" 2 . ect. R " = H. Alkyl, Aryl 



2 = COOR. CHO. COR, SOR. S0 2 R. CN, N0 2 , ect. 
R = R*. H. AJkyl, Ar, 
R" = R"'. H. Alkyl. COR. 
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Fig. 22. Increasing the proximity effect: Zipper box. 




T Mix template and building blocks 

I Medium temperature (anneal anti-codon and codon) 




| Low temperature (anneal zipper boxes) 




I 



React X and Y 




B. 

Oligol 

5'-CGACCTCTOCATTnrATrnn T CATGGCTGACTGTCCGTCGAATGTGTCCA GTTAC X 
Annealing region Linker region Zipper region 

Oli£02 



5'-ZGTAACACCTGTGTAAGCTGCCTGTCAGTCGGTACT GACCTGTCGAGCATCCAGC 
Zipper region Linker region Annealing region 

X= Carboxy-dT Glen Research 

Z= Amino-ModifierGlen C6 dT Glen Research 
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Fig. 23. Increasing the proximity effect: Helix Stacking (A), Ligation 
(B). and TO Rigid liners 

A. Double helix stacking. 



2S 




75 



B. Ligation. 



\ 




\ 




f 



/ 



>< 



\ 



/ 



C. Rigid linkers. 
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A. Linker for the formation of Ketones, Aldehydes, 
Amides and Acids 



NO, 

9 i-t a " 



350 nm R"^=/ O R! 

X*0, NH.NR 



B. Linker for the formation of Ketones, Amides and Acids 



T — 

or - 



R\^0 



NO 



X = O, NH, NR 



H. Linker for the formation of Ketones, 
Amines and Alcohols 



W ' ^ . X = O.HN.NR 



L Linker for the formation of Ketones, Amines, 
Alcohols and Mercaptanes. 



P R 



^NO * HX-R 



X= O, S, NH. KR 



C. Linker for the formation of Aldehydes and Ketones 





O 

R"^R 



D. Linker for the formation of Alcohols and Acids 




J. Linker for the formation of Biaryl and Bihetaryl 



Pddj/Binap/ y^^H 
2MKjP0 4 R 



B-OH + Ai'— Af 



K. Linker for the formation of Benzyles, Amines, 
Anilins Alcohols and Phenoles 



X = O.NHR, NR* 3 



L. Linker for the formation of Mercaptanes 



TCEP = t» 



R TCEP 



Hp/Dioxane 



R-SH ♦ R-SH 



E. Linker for the formation of Amines and Alcohols 
o 



M. Linker for the fonnation of Glycosides 



R k * 



F. Linker for the formation of Esters, Thioesters , 
Amides and Alcohols 



X^O.S, NHR, NR 2 



N. Linker for the formation of Aldehydes and 
Glyoxylamides 

HO R Q 



HN- 

R-' 



° H H z O/AcOH R " N "^" + 



O. Linker for the formation of Aldehydes, Ketones 
And Aminoalcohols 



G. Linker for the formation of Sulfonamides and Alcohols 
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r ^ct^n' r LiOH . h 2 o 
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Fig. 25. Templated synthesis by generating a new 
reactive group. 
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Fig. 25, example 1. Generation of reactive groups in the first reaction round, 
followed by reaction of the generated reactive groups with introduced reactive 
groups. 



CHO 
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Fig. 26. Post-templating modification of templated molecule 

A Rearrangement and cleavage in one step, eg: 




A2 

Photo labile protecting group 




B Reaction of functional groups present in a templated molecule 
Bl Intramolecular Michael addition: 
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B2 Inteimolecular Michael addition: 




B3 Reaction of phenyl enediamines and aldehydes to form benzimidazoles: 



R 3 CHO 



R,CONH^A N 



H 



B4 Reduction of multiple bonds: 




C Post templating modification of linker to extend the spacing between the template 
and the templated molecule. 
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H .° 



Figure 30. Structure 1 shows die Feuston 3 functional entity, which is needed together 
with Gly and Asp to create Feuston 5 structure 2, a ligand that binds to die cc v p 3 
integrin receptor (as described in press; Feuston BP et al. ] Med Chem. 2002 Dec 
19;45(26):5640-8) J 




Figure 31. Structure of the pentenoyl protected aspartate functional entity used to 
load an amino modified scaffold oligo, to create die Feuston 5 ligand. 
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Figure 32. AUylglycine chemistry illustrated by 
structure showing cross-linked product as well 
as transferred product after cleavage by iodine. 



H O R x O 



I 



H O ** ° 



NH 



1 2 3 4 5 6 



Figure 33. An autoradiography showing 
the three transfers of (3-Ala to an amino 
modified scaffold oligo, this scaffold 
oligo being radioactively labeled. Lanes 1 , 
3 and 5 shows cross -linked product 
between scaffold amine and functional 
entity (3-Ala AG carboxylic acid for 
transfers 1, 2 and 3. Lanes 2, 4 and 6 
shows cleaved product, i.e. scaffold 
carrying die transferred functional entity. 
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Integrin avb3 ELISA 



Feuston 5 RGD-Oligo Cont-Feuston 5 



Cont-RGD- 
Oliao 



Figure 34 Result from the ELISA done on the feuston 5 ligand generated by 
sequential transfers to a scaffold oligo (first column). The controls are die RGD 
peptide, which is an Integrin ligand (second column;) loaded on a 20 mer oligo, and 
uncoated wells (no Integrin immobilized; thkd and fourth columns). 
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